We use rotation curve kinematics of 1000 spiral galaxies to investigate if these galaxies could host BH remnants that once powered the QSO phenomenon.
INTRODUCTION
There is an increasing direct evidence that, at the centers of bulge-dominated galaxies there reside Massive Dark Objects (MDO), which are the likely remnants of the engines that once powered the QSO phenomenon (Ho, 1998) . In a limited number of cases, the evidence comes from the spectacularly central-body-dominated (CBD) rotation curve of a circumnuclear (0.1 − 2 pc) gaseous disk obtained by means of very high resolution instruments such as HST, VLBI and VLBA (e.g. Bower et al. 1998 , Cretton et al. 1998 , Schreier et al. 1998 ). In general, however, the evidence is more indirect: only a careful study of the dynamics of the innermost regions (∼ 100 pc) of galaxies reveals the presence of a central compact object and it allows a mass estimate (Kormendy and Richstone 1995; Magorrian et al. 1998; van der Marel 1997) . The result is that virtually every hot galaxy hosts a MDO with a mass ranging from ∼ 10 8 M ⊙ to 2×10 10 M ⊙ and roughly proportional to the mass of the spheroidal c 0000 RAS stellar component (hereafter referred to as M b , usually the bulge component). MDO masses are just large enough to match those related to the QSO phenomenon. In fact, the highest bolometric luminosities of Quasars (L bol < ∼ 4 × 10 48 erg/s) imply, under the assumption that they radiate at the Eddington limit, that the underlying BH masses are comparable with those of the biggest MDOs detected in ellipticals (Magorrian et al. 1998) , while the lowest QSO bolometric luminosities L bol = 10 46 erg/s still imply quite conspicuous BH masses:
For disk galaxies, the situation is different and much more uncertain. A direct determination of the central mass has been obtained only in very few cases (that include M31 and the Galaxy) and remarkably, these do not exceed 10 7 M ⊙ . That is, in spirals, MDO masses lying in the range of the QSO engine remnants have not been detected yet. This could be an intrinsic propriety of galactic BH's, perhaps related to the link between the BH mass and the bulge mass coupled with the relationship between M b and the host galaxy Hubble type.
In any case, the eventual lack of detections in spirals of massive BH (M BH > 10
cannot be ascribed to observational biases. In fact, the "sphere of influence" r BH , of a black hole of mass M BH at the center of a galaxy at distance D and with a projected central dispersion velocity σ is given by,
In hot pressure dominated systems, σ "balances" the gravitational attraction for unit mass due to a great part of the whole galaxy: since σ ∼ 200(L B /L * ) 1/4 km/s, then the stellar dynamics can disentangle the central BH from the surrounding galactic nucleus only if M BH ≫ 10 8 M ⊙ . In rotationally-dominated objects with RCs (Rotation Curves) available down to r in ∼ 100pc, a relation like Eq. (1) still holds, with σ ≃ V (r BH ) < V (r in ). Since in these objects V (r in ) essentially balances the gravitational attraction of the mass (only) inside r in and usually V (r in ) ∼ 10km/s, Persic and Salucci 1995 (PS95) , we can get a very direct information on the central mass (see Kormendy and Richstone, 1995) . For instance, in late type spirals, from outer kinematics we can estimate that the stellar mass inside r in ∼ 100pc is M ⋆ < 10 6−7 M ⊙ (see Persic, Salucci Stel 1996, PSS) : then, suitable inner kinematics of disk galaxies is able to detect, or to set upper limits to galactic BH's down to such masses.
In paper I (Salucci et al. 1998) we showed that the Mass Function of Massive Dark Objects in elliptical galaxies matches that expected for the remnants of the past QSO activity.
Extrapolating the MDO to bulge mass ratio observed for E and S0 galaxies, we expect that (Sa-Sab galaxies will be considered in the next section).
Let us notice that, also at very small radii, the rotation curves are generally smooth, axisymmetric and with negligible (for the present aim) noncircular perturbances. This leads us to further select a subsample of RC's (Sample B) each one allowing the full mass modelling of the "nuclear" region R < ∼ 400pc. For this purpose we adopt the following selection criteria: (i) the rotation curve must have at least 4 measurements inside a radius of
) pc ∼ (350 − 500)pc, (ii) the innermost velocity data must be situated at a radius r in < 100(1 −
) ∼ (100 − 150)pc, where M I the I-band absolute magnitude.
These criteria are a good compromise made in order to select a large sample of suitable rotation curves equally distributed per magnitude interval and, and at the same time, to set the most stringent upper limits to the BH mass.
Sample B includes 83 Rc's, which we all reproduce by a mass model featuring: (i) a Freeman disk of length-scale R D (from PS95) and mass M D and (ii) a MDO of mass Fig. (1) we show the best-fitting mass model vs. data for a number of typical RC's of the sample for the cases f = 0 (only disk) and 0 < f ≤ 1 (disk+ black hole).
Similar plots for all RC's of the whole sample are given elsewhere alongside with the derived disk and bulge properties (Ratnam & Salucci, 1999) . We find no CBD rotation curve, i.e.
there is no case of f = 1. On the contrary, each rotation curve V (R) is strikingly close with that predicted by the mass distribution of luminous matter, f ∼ = 0 (see Fig.(1) ). By forcing the presence of a central MDO we determine the upper limits MDO masses through a best fit of the 83 RC of Sample B. We obtain f < 0.2 − 0.7, that for each object, sets an upper limit on the MDO mass. We plot the relative masses as a function of galaxy luminosities in Fig.(2) . The upper limits values are then binned in four luminosity intervals and then averaged (see Fig.(2) ). Notice that these determinations overestimate the actual upper limits by neglecting the effect of a "Malmquist-like bias" which arises because r in ∝ D in that the angular resolution is the same for all the RC's of the sample (see Ratnam and Salucci, 1999) .
Having ruled out, in a significant number of cases, that compact central bodies dominate the dynamics at R ∼ 100 pc, we proceed to derive the upper limits for the MDO masses by means of the larger statistics of the whole sample A. We sort the objects of sample A in 5 luminosity ranges (classes) whose central values < L B > are given in Table 1 and we frame
. all RC's within radial bins placed at fixed positions as follows: the center of the first bin is set at R 100 = 100 pc, the following bins (n > 1) at:
with ∆(L B ) given in Table 1 . In particular, the central position of the second bin is located at R 2 = 200 pc + ∆(L B )/2. For each luminosity class, we compute from the individual V i 100
(the innermost velocity measurement at 100 pc) and V i 2 (the second velocity measurement) the average velocities V 100 (L B ), V 2 (L B ) and their r.m.s. δV 100 , δV 2 . In each luminosity class the velocity variance is very small (see Table 2 ): δV 100 /V 100 ∼ δV 2 /V 2 ∼ 0.1 (see Ratnam and Salucci, 1999 for further details). Thus, for a given galaxy luminosity, there correspond very well defined values of V 100 and V 2 .
We derive the MDO masses upper limits for Sample A by removing from M 100 (L B ) = G −1 V 2 100 R 100 (the total mass inside R 100 ), the fraction due to the ordinary stellar matter, whose presence is evident from the rising shape of the RC's at R 100 . The contribution to the circular velocity due the stellar matter V ⋆ is computed by adopting the steepest allowed profile: V ⋆ (R) ∝ R. This is done in order to consider the largest possible MDO keplerian fall- off and therefore to obtain a strict upper limits
that determines the maximum value for the central mass compatible with the mass increase
Before discussing the results for the masses of the MDOs we show that, also for the objects in Sample A, the stellar matter completely dominates the kinematics of the innermost 500pc.
By considering the successive bins n > 2 and the relative average velocities and rms we can derive the synthetic rotation curve of the innermost kpc of spiral galaxies. We reproduce the observed rotation curves by means of a mass model including a Freeman disk and an Hernquist bulge. Disk length-scales have been derived from the available surface photometry (PS95); bulge effective radii are estimated from disk-scalengths following Courteau and de Jong, 1996 . For the disk mass we adopt the values (independently) derived from the outer (1-10 kpc) kinematics (see PSS). The mass model has no free degree of parameters in the three least-luminous luminosity classes, and one free parameter, the bulge mass, in the remaining two.
The mass model vs data is shown in Fig.(3) . Remarkably, in the region presumably most affected by the presence of a central mass, the stellar components fully accounts for the observed kinematics (see Table 1 for the parameters of the mass models). In addition let us notice that the innermost half-kpc the light traces the gravitating mass to an accuracy that From an observational point of view, we note that there are very few useful Sa rotation curves available because these objects have little star-formation and weak H α lines. The largest sample comes from Rubin et al. (1982) : with this they derived the synthetic (coadded) rotation curves sorting the 21 objects in 5 luminosity classes and in 8 radial bins of
The center of the first radial bin is displaced from the galaxy center by 0.15R D to avoid the complex and uncertain nuclear kinematics. In We have checked that this interpolation till 0.6R D is consistent with the kinematics of each individual galaxy, apart from certain regions in which there are complex motions present,
but not related to a central mass.
Sa galaxies have higher circular velocities than than the Sc ones (Rubin et al. 1982) : the total mass inside the innermost kpc is 4-10 times larger than that in late type galaxies. The method leading to Eq. (2), rests upon the accurate knowledge of the profile of the rotation curve inside the central kpc. However, it cannot be adopted to determine the MDO upper limits in Sa's because for these objects only a limited statistics with data of insufficient quality exist and therefore this leads us to devise a different and proper procedure to derive the above quantities. In detail, as the first step we reproduce the coadded Sa rotation curves by means of no-MDO three-components mass models that include a Freeman disk, an
Hernquist bulge and a dark halo with density profile according to PSS. This last component is introduced for completeness, but it has no role in the present analysis. We find that, the ordinary stellar components can very well account for the rotation curves out to R < R D , and, by including the DM component, out to 2R D . The parameters of the mass models, given in Table 2 , are similar to those of Sc galaxies, with the exceptions of an (important)
higher central density of both luminous and dark components and an (irrelevant) larger uncertainty on the distribution of DM.
We then proceed by including in the mass models a central mass component large enough to affect the innermost kinematics. By increasing the value of the MDO mass, the models are progressively unable to reproduce the data until for a central mass
the model rotation curves become inconsistent with the coadded ones at a level > 3δV coadd (with δV coadd /V coadd ≃ 0.1) (see Fig.(5) ).
The derived MDO upper limits (see Fig.(4) ) range from 5 × 10
and are, at a given luminosity, one order of magnitude larger than the upper limits of the late type spirals MDOs. Apart from factors of two due to the limited statistics and the modest spatial resolution, this is likely to be a physical effect, rather than a selection bias.
This implies that inside the innermost kpc, early type spirals have a larger mass that can possibly envelop a larger MDO and then comfortably host the remnant of a bright quasar. 
THE MDO VS BULGE MASS RELATIONSHIP
Observational evidence and theoretical arguments relate the MDO mass with that of the hot component of the host galaxy (in spirals: the bulge). In samples dominated by ellipticals, it has been found log M M DO = logM b − 2.6 ± 0.3 (van der Marel 1998, see also Paper I) that is, a proportionality between the two masses exists though with a quite large scatter.
Here, we investigate this relationship in disk systems where the mass of host systems is a factor 10-100 times smaller. For Sa's the bulge masses are directly obtained by the present mass modelling (see Table 2 ). Sb-Im galaxies possess small bulges, whose luminosity is on an average ∼ 10% the stellar disk luminosity (e.g. Simien and de Vaucouleurs, 1986) . In detail, the bulge-to-disk luminosity ratio k strongly depends on galaxy Hubble Type decreasing from 0.25 ± 0.05 in Sb, to 0.03 ± 0.01 in Sd's, while it is (almost) independent of luminosity.
The bulge-to-disk mass ratio is given by
where the term multiplying k takes into account that bulges and disks have different stellar populations and then different stellar mass-to-light ratio. In fact, the bulge mass-to-light ratios is higher than the disk one by a factor ≃ 1.5 (Van der Marel 1996; PSS). This, MDO mass has been directly determined (see Ho, 1998) . This sample of six objects provides the crucial calibration of the MDO-bulge systematics.
In Fig.(6) play an exclusive role in "determining" the BH mass.
DISCUSSION AND CONCLUSIONS
Where are the engines of the QSO phase, i.e. where are the masses up to ∼ 10 10 M ⊙ BH remnants, presently located? Recent observations suggest that every hot system hosts a central BH (Magorrian et al. 1998 ) of mass of a few 10 −3 times the mass in stars. Using the available statistics we have shown in paper I that the mass density of BHs resident in E and S0 galaxies is ρ BH ≃ 6 × 10
Integrating the MDO upper limits over the spirals luminosity functions we obtain an upper limit for the cosmological density of MDOs residing in spirals. Assuming that galaxies distribute according to Schecther luminosity functions φ(L B , T ), with the parameters given in Paper I, we get:
These limits must be compared with the cosmological BH mass density, as implied by the QSO/AGN accreted material, estimated to be as large as ρ BH ≃ 7 × 10 5 M ⊙ Mpc −3 (Paper I). Thus, the contribution to the shining phase of quasar due to BHs hosted in late type spirals has been totally negligible. Instead, Sa nuclei could be the location of dormant BHs, once at the heart of the QSO shining phase. Let us stress, however, that Eq.(4b) is a generous upper limit.
The role of spirals as BH hosts can be elucidated by working out the MDO upper limits mass function (ULMF), which can be obtained by convolving the spirals luminosity functions with the MDO mass limits as function of the luminosity. Inspection of figure 7 indicates that, while the QSO/AGN phenomenon implies the existence of a large number of BH's with a wide range of masses, ∼ 10 7 M ⊙ − 2 × 10 10 M ⊙ , the inner kinematics of late type spirals specifies that these systems can be major hosts of BHs with mass in the range logM BH /M ⊙ = 6 − 7. Outside these mass scales different Hubble types must provide the location for the great majority of BH remnants. The role of the Sa is likely to be statistically significant in the mass range logM BH /M ⊙ = 7 − 8. In fact, at higher mass scales the mass function of detected MDOs in E and S0 galaxies already matches the accreted one (see Fig.(7) ), leaving very little room to the contribution of an additional component.
The crucial point is that in disk dominated systems the presence of a 10 8−9 M ⊙ central body cannot pass unnoticed also in ground-based observations. In detail, the inner kinematics of late type spirals effectively limits the values of the mass of a possible central BH. The upper limits M BH < 10 7 M ⊙ , derived for a sample of several hundreds galaxies and found in agreement with the few detections available so far, are so stringent that eliminate the possibility that in the distant past cold systems hosted highly luminous QSOs. The nuclei of late type spirals possibly hosted only minor activity, of which low luminosity Seyferts and liners represent perhaps the "last fires in the last galaxies".
What about for the Hubble types with peculiar luminosity and/or central surface brightness? Mass models of dwarf ellipticals and rotation curves of dwarf spirals imply that in these objects the gravitating mass inside the innermost 200 pc is < 5 × 10 6 M ⊙ (Salucci & Persic 1997) ; LSB rotation curves, on the other hand, indicate that the gravitating mass within the innermost kpc is < 5 × 10 7 M ⊙ (e.g. Salucci and Persic, 1997) . In addition, in these objects a diffuse dark matter component does largely contribute to the "central" dark mass. Thus, we can completely neglect these Hubble types as host for dormant BH's in the QSO-engines mass range.
A-fortiori, then, ellipticals and S0s then remain the sole location for the QSO remnants both for the common detection in the nuclei of these objects of very massive MDOs and for the exclusion of all other galaxy types. This conclusion is supported by recent results obtained with HST, which show that about all the QSOs brighter than M R = −24 reside in elliptical galaxies (McLure et al. 1998 ).
